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Highlights 14 
 Diagnostic evaluation of clinical examinations of ovine foot lesions.  15 
 Inter-observer agreement and percentage disagreement were assessed. 16 
 Some scoring disagreement occurred over the diagnosis of white line lesions. 17 
 Trained observers can reliably score most common foot lesions of sheep. 18 
 19 
 20 
Abstract 
In sheep, the diagnosis of foot lesions is routinely based on physical examination of the 21 
hoof. Correct diagnosis is important for the effective treatment, prevention and control of both 22 
infectious and non-infectious causes of lameness. Therefore, the aim of this study was to 23 
evaluate the level of inter-observer agreement for clinical examination of ovine foot lesions. 24 
Eight observers of varying experience, training and occupation performed foot examinations on 25 
a total of 1158 sheep from 38 farms across North England and Wales. On each farm, a group of 26 
two to four observers independently examined a sample of 24 to 30 sheep to diagnose the 27 
presence or absence of specific foot lesions including white line lesions (WL), contagious ovine 28 
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digital dermatitis (CODD), footrot (FR), inter-digital dermatitis (ID) and toe granuloma (TG). 29 
The inter-observer agreement of foot lesion assessments was examined using Fleiss kappa (κ), 30 
and Cohen’s κ examined the paired agreement between the test standard observer (TSO) and 31 
each observer.  32 
Scoring differences with the TSO were examined as the percentage of scoring errors and 33 
assessed for evidence of systematic scoring bias. With the exception of WL (maximum error 34 
rate 33.3%), few scoring differences with the TSO occurred (maximum error rate 3.3%). This 35 
suggests that observers can achieve good levels of reliability when diagnosing most of the 36 
commonly observed foot conditions associated with lameness in sheep.  37 
 38 
Keywords: Foot lesions; Sheep; Clinical diagnosis; Observer agreement.  39 
 40 
Introduction 41 
Lameness is a significant and serious global issue for sheep because of the pain, 42 
discomfort and debilitation caused (Welsh et al., 1993; Ley et al., 1995; Fitzpatrick et al., 43 
2006). Research has identified that, globally, footrot is the most common cause of lameness in 44 
sheep (Egerton et al., 1989; König et al., 2011). Consequently, a variety of strategies for control 45 
and elimination of footrot have been devised. These include control approaches based on the 46 
administration of systemic antibiotic treatments and culling of persistently-infected cases 47 
(Wassink et al., 2010), and elimination strategies based on prophylactic vaccination and whole-48 
flock culling programs (Egerton et al., 2002; Egerton et al., 2004; Gurung et al., 2006) .  49 
 50 
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Whilst footrot may be a common cause of lameness (Kaler and Green, 2008a), clearly not 51 
all lameness in sheep can be attributed to the condition. Contagious ovine digital dermatitis 52 
(CODD), which results in severe lameness and loss of the hoof capsule, currently presents a 53 
serious welfare concern for sheep in the UK (Winter, 2008). To date, there is limited 54 
knowledge on the epidemiology of this disease and by comparison to footrot only a few recent 55 
trials have examined the efficacy of systemic treatments (Duncan et al., 2011, 2012). In 56 
addition, there are a number of other foot conditions, including separation and impaction of the 57 
white line of the hoof, toe granulomas, interdigital-hyperplasia, septic- and osteo-arthritis, 58 
which can also result in gait abnormalities of sheep (Winter, 2004; Winter and Arsenos, 2009; 59 
Hodgkinson, 2011). Whilst infectious foot lesions remain the most important concern for flock 60 
welfare, it has been suggested that these other hoof lesions, such as separation and impaction of 61 
the white line (also known colloquially as ‘shelly hoof’), are underreported due to mis-62 
diagnosis and confusion with footrot cases (Conington et al., 2010a). This is of great 63 
importance since the treatment and control points that are deemed to be effective for one foot 64 
condition may not be relevant or appropriate for the control of another lesion or infectious 65 
cause. The correct identification of a lesion or disease is essential not only for both animal 66 
welfare reasons but also economic considerations in order to assess both the scale and 67 
economic impact of the disease. Hence, the ability to correctly diagnose foot lesions is vital for 68 
implementing prompt and effective treatments and the long-term prevention and control of 69 
lameness in sheep flocks (Kaler and Green, 2008a; Kaler and Green 2008b).  70 
 71 
The ease and accuracy of using diagnoses based on the clinical appearance of lesions 72 
needs to be further considered given that there is considerable variation in the visual 73 
appearance of ovine foot lesions (Kaler and Green, 2008a). Furthermore, there are recognised 74 
differences in the interpretation and assessment of different foot lesions amongst differing 75 
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assessors, such as veterinary surgeons, farmers and researchers (Kaler and Green, 2008b). 76 
Microbiological culture (Pitman et al., 1994) and PCR-based techniques (Moore et al., 2005; 77 
Frosth et al., 2012) can be employed to complement clinical examination in the diagnosis of 78 
some hoof pathologies. However, the time and financial cost of such methods preclude their 79 
routine use. Thus, clinical examination by the producer or a veterinary surgeon remains the 80 
mainstay for diagnosis of foot conditions in sheep. Consequently, the practical experience and 81 
training of farm professionals and veterinarians in the recognition and correct diagnosis of 82 
common foot lesions of sheep is an area that warrants further attention. 83 
 84 
The diagnostic abilities of different observers can be examined in terms of the level of 85 
inter-observer agreement or reliability. The reliability of both binary and categorical scoring 86 
measures can be evaluated using agreement analysis methods such as the kappa coefficient (κ) 87 
(Kaler et al., 2009). The agreement analysis presents the degree of observed agreement 88 
compared to the agreement expected by chance (Feinstein and Cicchetti, 1990) and has been 89 
widely used in veterinary research applications, for example to assess the observer reliability 90 
for equine health and welfare indicator assessments (Burn et al., 2009) or lameness scores of 91 
sheep (Kaler et al., 2009). The type of κ selected depends on the number of observers involved. 92 
Fleiss’s κ determines the reliability of multiple observers (n > 2) (Fleiss, 1981), whereas 93 
Cohen’s κ (Cohen, 1960) examines the reliability of paired assessments (n = 2) such as the 94 
level of agreement between a study observer and a reference observer, such as the trainer (Burn 95 
et al., 2009). κ can also be used to assess the level of agreement between each study observer 96 
and a reference observer, such as the trainer (Burn et al., 2009).  Several categorical systems for 97 
scoring ovine hoof health conditions, and specifically footrot, have been developed and tested 98 
(Egerton and Roberts, 1971; Raadsma et al., 1994; Conington et al., 2008; Foddai et al., 2012). 99 
However, for routine on-farm assessments as conducted by producers and veterinarians it may 100 
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not be necessary to use such detailed scoring systems since a binary scale (presence or absence) 101 
could provide sufficient information.  102 
 103 
The objective of this study was to examine the level of inter-observer agreement for 104 
specific ovine foot lesion conditions, using κ agreement analysis statistics and percentage error 105 
rate results. 106 
 107 
Materials and methods 108 
Study population 109 
The investigation was a cross-sectional study in which 38 farms, located in a 120 mile 110 
radius of the University of Liverpool, School of Veterinary Science, Leahurst were recruited 111 
through contact with their local veterinary practice. Once the informed consent of farmers was 112 
obtained, each farm was requested to gather a sample of approximately 100 sheep for 113 
assessment during July to November 2008. On the day of assessment, each sheep was then 114 
assigned a numeric identifier in the order they entered the assessment pen and on each farm 30 115 
sheep were selected for examination using a pre-determined random number system. 116 
 117 
Observer population 118 
A pool of eight observers was recruited from the University of Liverpool, School of 119 
Veterinary Science comprising undergraduate veterinary and animal science students (n = 3) 120 
and veterinary surgeons (n = 5). Observers were classified as ‘experienced’ if they had 121 
undertaken clinical examinations and foot lesion diagnosis of sheep in the previous year (Table 122 
1), those that did not meet these criteria were classified as inexperienced. On the basis of their 123 
experience and role in the design and conduct of the study, observer 1 was designated the ‘test 124 
standard observer’ (TSO) and used as the reference test for comparison. All observers were 125 
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provided with a scoring definition for each lesion, which they were requested to familiarise 126 
themselves with together with example images of the specific lesions. In addition, observers 127 
classed as ‘trained’ (n = 5) attended a one-day on-farm training session at the University of 128 
Liverpool sheep farm in the diagnosis of foot lesions in sheep. The TSO performed assessments 129 
on all study farms and was accompanied at each assessment visit by one to two observers who 130 
performed independent clinical examinations of the same sheep on the same day. 131 
 132 
Foot examination 133 
Each observer independently performed a clinical examination of each foot of all 134 
sample animals as described by Hodgkinson (2010). The absence or presence of any foot 135 
lesion in each sheep was recorded. The following specific diagnoses were made based on the 136 
descriptions of Winter (2004): white line lesion (WL) - separation and detachment of the 137 
white line (‘shelly hoof’) with impaction or infection present: inter-digital dermatitis (ID) - a 138 
raw to white, moist hairless area, progressing to inflammation, infection and necrosis of the 139 
inter-digital skin: footrot (FR) - separation of the horn of the hoof, beginning at the junction 140 
of the skin and horn near the heel, through to invasion of the sole with separation of 141 
insensitive and sensitive laminae: contagious ovine digital dermatitis (CODD) - ulceration 142 
around the coronary band, with or without loosening of the claw through to the total loss of 143 
the hoof capsule and presence of a raw stump of sensitive laminae: toe granuloma (TG) - 144 
strawberry-like growth of proud flesh, which may be covered with loose horn: inter-digital 145 
hyperplasia (IH) - folds or protrusions of the skin of variable size located within the inter-146 
digital cleft, and pedal joint sepsis (PJS) - presence of heat, swelling and hair loss above the 147 
coronary band, with or without discharging tracts of pus above the coronary band or 148 
interdigital cleft. No diagnosis was recorded if it was not possible to make a specific 149 
diagnosis based solely on the visual appearance of the foot. Each observer manually recorded 150 
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their findings on pre-tested recording charts. Observers were not provided with any clinical or 151 
production information before each visit. During the visit, each study observer performed an 152 
independent clinical examination and observers did not disclose or discuss their foot scores at 153 
any stage. The study was approved by the University of Liverpool Ethics Committee 154 
(RETH000287). 155 
 156 
Data analysis  157 
Data was analysed using Minitab version 16 and Stata version 13 (StataCorp LP). The 158 
prevalence (percentage) and 95 percent confidence interval (95% CI) of each foot condition 159 
was determined as the total number of sheep observed by the TSO with each foot condition 160 
divided by the total number of sheep assessed.  161 
The overall level of inter-observer reliability of multiple observer assessments (n ≥ 2) 162 
was determined by Fleiss’s κ (Fleiss et al., 2003). As Fleiss’s κ analysis provides an overall 163 
agreement value and does not take account of observer characteristics i.e. ‘experienced’ versus 164 
‘inexperienced’ assessors, the paired agreement between the TSO and each observer was 165 
estimated using  Cohen’s κ statistic (Cohen, 1960). All κ results were interpreted according to 166 
Fleiss et al., (2003), whereby values ≥ 0.75 suggested ‘excellent’, κ 0.40 - 0.75 indicated ‘fair–167 
good’, and κ ≤ 0.40 suggested ‘poor’ levels of agreement.  168 
 169 
As the κ analytical approach cannot identify whether systematic scoring differences 170 
occur between pairs or groups of multiple observers, additional approaches were employed to 171 
assess the level of observer disagreement in terms of scoring divergence from the TSO. Firstly, 172 
scoring differences between the TSO and each observer (TSO score minus observer score) 173 
were graphically represented and visually examined for evidence of systematic scoring bias i.e. 174 
if an observer consistently scored one unit higher or lower than the TSO. For each observer, the 175 
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total number of lesions diagnosed by the TSO during paired assessments was calculated and the 176 
number of paired scoring differences with the TSO divided by the total number of sheep 177 
examined was expressed as a percentage (percentage error rate). Secondly, the proportion of 178 
scoring differences with the TSO on each farm visit was plotted to assess if there was any effect 179 
of increasing experience of foot assessments on the amount of scoring disagreements. 180 
Observers were not provided with any clinical or production information before each visit. 181 
During the visit, each study observer performed an independent clinical examination and 182 
observers did not disclose or discuss scores at any stage.  183 
 184 
Results 185 
A total of 4632 feet from 1158 sheep were examined for the presence of specific foot 186 
lesions. From the pool of eight observers, a varying group of two to three observers, including 187 
the TSO, independently examined the feet of 24 to 30 animals on each farm.  Data recorded by 188 
the TSO indicated that over half of the population (n = 610, 52.6%) was observed to have at 189 
least one recorded condition in one or more feet. The most frequently observed lesion was WL 190 
(49.1%) and few cases of FR, ID, TG and CODD were recorded (Table 2). No cases of pedal 191 
joint sepsis cases were identified and there were insufficient observations of interdigital 192 
hyperplasia recorded by observers 2 – 8 to permit evaluation of the reliability, error rates for 193 
these foot conditions. 194 
 195 
Overall level of inter-observer reliability was interpreted as ‘excellent’ for assessments of 196 
CODD (ĸ 0.72, 95% CI 0.71 - 0.77) being ‘fair-good’ for WL (ĸ 0.47, 95% CI 0.46 - 0.47) and 197 
TG (ĸ 0.65 95% CI 0.46 - 0.85). Fleiss ĸ values for FR (ĸ 0.49, 0.35 - 0.63) and ID (ĸ 0.49, 95% 198 
CI 0.37 - 0.65) diagnoses were ‘fair to good’ but the lower 95% confidence intervals for these 199 
lesions indicated some ‘poor’ levels of κ agreement occurred (Table 3). 200 
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 201 
With the exception of WL assessments, the majority of paired assessments with the TSO 202 
showed a low level (≤ 3.3% error rate) of scoring disagreement (Table 4). Graphical 203 
representation of the frequency of scoring differences for the diagnosis of white line lesions 204 
suggested there were some systematic scoring differences in the diagnosis of WL by several 205 
observers (Fig. 1). The evaluation of the effect of time on agreement with the TSO was limited 206 
to three observers (observers 3, 4, 7) who each performed ten or more study visits. Other study 207 
observers performed insufficient visits to facilitate this evaluation. Graphical representation of 208 
the proportion of scoring differences between the TSO and observers 3, 4 and 7 suggested there 209 
was no effect of increasing number of farm visits on the level of scoring disagreements (Fig. 2).  210 
 211 
Discussion  212 
The objective of this study was to evaluate the performance of eight assessors of varying 213 
experience, training and occupation on their ability to agree on the diagnosis of a range of 214 
specific foot conditions of sheep based solely on clinical examination and by using a binary 215 
scoring system. For the purposes of this study, farmers provided a group of sheep for 216 
assessment from which 30 animals were randomly selected for foot lesion examination.  217 
Previous work by Foddai et al. (2012) found high levels of inter-observer reliability when three 218 
observers used a combination of video, photographic images and post-mortem feet specimens 219 
to score lesions and foot shape using an ordinal scoring system. Assessments of lesion images 220 
produce higher levels of observer agreement compared to assessments of cadaver foot 221 
specimens (Foddai et al., 2012) and may reflect the more controlled observational conditions 222 
provided by image-based studies or the selection of lesion images that illustrate clear, 223 
characteristic signs of specific disease. When comparing the reliability and diagnostic test 224 
results of different studies, as well as considering the type of scoring system used it is also 225 
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important to evaluate the conditions for assessment. It is possible that the levels of observer 226 
agreement that are attainable during on-farm studies may be with vastly different from those of 227 
image-based studies given the less controlled observational conditions and the need for 228 
handling of animals, which may introduce observational errors (Foddai et al., 2012). Therefore, 229 
a key aspect of this study was to test diagnostic abilities under conditions that producers and 230 
veterinary surgeons, who routinely conduct ovine foot examinations, are exposed to. Whilst the 231 
reliability of footrot scoring systems has been previously examined (Conington et al., 2008; 232 
Foddai et al., 2012), to the best of our knowledge, this is the first study to examine the inter-233 
observer agreement of eight observers who examined and scored a large number of feet (n = 234 
4632) from sheep managed under differing farm production systems for eight specific lesions. 235 
 236 
Overall, Fleiss kappa results indicate that acceptable levels of reliability were achieved 237 
for the combined FR and ID scores, CODD and TG. Limitations in the availability of methods 238 
of agreement analysis and issues with the use of κ for the evaluation of observer reliability are 239 
well-recognised (Feinstein and Cicchetti, 1990; Burn et al., 2009; Foddai., 2012). The strong 240 
influence of lesion prevalence on κ estimates can be a particular issue for reliability studies 241 
conducted under field conditions (Burn et al., 2009). Therefore, these results should be viewed 242 
in light of the low prevalence of certain foot conditions, since this can reduce the level of κ and 243 
subsequent interpretation of the degree of inter-observer agreement achieved (Feinstein and 244 
Cicchetti, 1990; Burn et al., 2009). Another limitation with κ is the inability to quantify the 245 
level of scoring disagreement. In addition, whilst Fleiss’s κ gives a useful indication of 246 
agreement between multiple observers the method does not take account of any biases due to 247 
observer characteristics, for example, ‘experienced’ vs. ‘trained’ vs. inexperienced’ that may 248 
arise in multiple observer combinations. Observer 1 was selected as a ‘pseudo-gold standard’ 249 
reference standard using the approach of Burn et al., (2009) in order to compare paired inter-250 
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observer agreement and scoring divergence with the trainer and to assess for evidence of 251 
systematic scoring bias (Bland and Altman, 1986). Since clinical examinations are subjective, 252 
in some cases, it is possible that some observer scoring divergence from their trainer could 253 
represent a closer approximation to the true (latent) foot condition.  For example, the paired κ 254 
agreement with the TSO ranged from poor to good for assessment of ID and FR but few 255 
scoring errors (maximum error rate 3.3%) were found for both of these lesions. Here, the κ 256 
results for ID and FR are considered to reflect the low number of animals observed in the study 257 
and this likely affected the cross-tabulation of results, required for agreement analysis. Kappa 258 
values are generally provided on a scale of 0 to 1 but negative values do arise and indicate 259 
poorer agreement than that expected by chance alone (Cohen, 1960). A negative κ value arose 260 
in the 95% CI for the paired assessments of TSO and observer 7, which reflected the very low 261 
number of animals that were observed with footrot during the paired scoring sessions. 262 
 263 
Other studies have examined the diagnostic abilities of other assessors including farmers 264 
and veterinarians. Direct comparison of reliability studies can be complicated by differences in 265 
the scoring systems used, selection of material used for assessment; ranging from photographic 266 
images, video clips, post-mortem specimens (Foddai et al., 2012) or live sheep (Conington et 267 
al., 2010b), and the context or conditions for assessment. Earlier research into the diagnostic 268 
abilities of sheep veterinarians and producers found that ≥ 94% of veterinarians correctly 269 
diagnosed ID, FR, CODD and TG (Kaler and Green, 2008a). By contrast, only 26% of sheep 270 
farmers could correctly diagnose the same lesions (Kaler and Green, 2008a). Reliability results 271 
from the present study appear to concur with results of Kaler and Green (2008a), suggesting 272 
that when present these infectious foot lesions can be readily identified by experienced and/or 273 
trained assessors. 274 
 275 
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 The high prevalence of WL identified in this study is in contrast to other studies from 276 
Australia (Egerton et al., 1989), England (Grogono-Thomas and Johnston, 1997) and Sweden 277 
(König et al., 2011), which suggest that footrot is the most commonly diagnosed foot condition 278 
of lambs and sheep. Indeed, according to farmer reports, footrot is the most prevalence foot 279 
lesion identified in English sheep flocks with a reported within-flock prevalence of 10% (Kaler 280 
and Green, 2008a). However, the WL prevalence findings of the present on-farm study (49%) 281 
do concur with those of Conington et al. (2010b), who assessed foot health scores from 27 282 
flocks across the UK. With the exception of the Texel breed, white line separation was the 283 
lesion found at highest (40%) prevalence (Conington et al., 2010b). In the present study, 284 
participating farms were a convenience sample selected according to farm type and consent 285 
thus the presented results cannot be interpreted as prevalence estimates. However, these farms 286 
were considered to be representative of commercial sheep farming systems in England and 287 
Wales and these results may highlight some interesting regional trends in sheep managed in 288 
these flocks. To the author’s knowledge, these farms had not been involved in previous 289 
research or training on sheep lameness. Although, it is possible that the low level of FR and ID 290 
identified here may suggest that farms with good ovine footrot control programs were recruited. 291 
These findings may also reflect the management, environmental and climatic conditions at the 292 
time of assessment that resulted in few sheep being diagnosed with these infectious lesions. The 293 
vast majority of WL lesions observed in the current study were restricted to separation of the 294 
hoof without impaction and infection of the white line (Winter and Arsenos, 2009). These 295 
observations are in agreement with a single-flock trial, which identified a high prevalence of 296 
WL of relatively minor degree of separation and an absence of other foot lesions (Wheeler et 297 
al., 2013). It is possible that many sheep have a mild degree of white line separation, which 298 
may be considered clinically insignificant, or missed during routine foot inspections. Co-299 
existing minor WL lesions might also not be recorded during inspections focused on the 300 
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detection of other ovine foot lesions, which might explain the prevalence findings reported 301 
here. In spite of a high proportion of white line lesions, there does not appear to be a strong 302 
association with a high level of flock lameness (Phythian et al., 2013) as often occurs with 303 
footrot (Kaler et al., 2011). The significance of seemingly minor WL separation on foot health 304 
and sheep welfare is not fully understood. Whilst there is some genetic heritability to ovine 305 
white line degeneration (Conington et al., 2010a), currently the prevention and control of this 306 
condition, predisposition to other hoof diseases and subsequent flock lameness prevalence is 307 
unknown. 308 
 309 
Interestingly, the data revealed systematic scoring differences consistently arose over WL 310 
assessments. The seemingly minor degree of separation of the white line and potential poor 311 
differentiation of mild WL lesions might explain the level of scoring disagreement found here. 312 
Although a large number of feet were examined during the course of the study, the varying 313 
number of farm visits conducted by all observers limited the ability of the study to fully assess 314 
the effect of training and experience on diagnostic performance and no conclusions can be 315 
reached in this respect. There are some trends in the data to suggest that following on-farm 316 
training, inexperienced and trained observers (observers 3, 4 and 7) did not become more 317 
reliable in WL diagnoses over the course of examining more than 1000 feet. However, the 318 
results are limited to observers 3, 4 and 7 since they were the only observers that undertook ten 319 
or more farm visits, which facilitated the evaluation of reliability over time. Further evaluation 320 
of the effect of experience gained over a longer period of time and assessing whether a re-321 
calibration session is beneficial for inexperienced observers would be valuable here. 322 
 323 
In addition to observer experience and training, scoring errors can also arise due to 324 
misclassification that may be associated with the type of scoring system used. Misclassification 325 
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of disease errors may have arisen here over the diagnosis of inter-digital dermatitis and footrot 326 
due to splitting of the scoring system into two distinct categories. With footrot lesions the 327 
different clinical outcomes that can arise are due in part to the strain of Dichelobacter nodosus 328 
involved (Moore et al., 2005), host susceptibility and genetic resistance (Emery et al., 1984). 329 
No infectious disease model of inter-digital dermatitis has yet been demonstrated, although 330 
some consider ID to be a continuum of clinical signs of a single disease (virulent and benign 331 
footrot) (Egerton and Roberts, 1971). In the present study, simple binary scoring scales were 332 
used to score benign and virulent footrot separately. However, a simple presence and absence 333 
binary scoring system may clearly not accurately describe the continuum of disease signs 334 
observed in footrot cases. With further training, assessors could be trained to grade the severity 335 
of these footrot lesions using more detailed and categorical footrot scoring systems, such as 336 
those of Egerton and Roberts (1971), Raadsma et al. (1994), and Nieuwhof et al. (2008). This 337 
may be desirable for examining the effectiveness of different treatments or disease elimination 338 
program (Egerton et al., 2004). 339 
  340 
Very few cases (n = 3) were recorded by the TSO with no diagnosis. These cases were 341 
considered to represent developing and early lesions that could not be defined as a specific 342 
condition based solely on the visual appearance of the foot. Therefore, in some instances, 343 
microbiological and molecular biological testing (Moore et al., 2005; Frosth et al., 2012) may 344 
be required to support clinical examinations. The high levels of inter-observer kappa agreement 345 
achieved for CODD may be attributed to the clear scoring definition and training provided, or 346 
the ease of recognising this foot condition in sheep. Further training of observers in a recently 347 
developed categorical CODD scoring system (Angell et al., 2015) could facilitate clinical trials 348 
and further research into this condition, which is recognised to be of increasing importance in 349 
UK flocks and presents serious concerns for sheep welfare (Duncan et al., 2011, 2012). Despite 350 
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this, on-farm experiences suggest that outbreaks of CODD are frequently mis-diagnosed as 351 
footrot by producers who are unaware of this condition and/or the different physical features of 352 
the disease (personal observation, CJ Phythian). However, in this study observers who were 353 
previously unaware and unfamiliar with this foot lesion became competent at diagnosing 354 
CODD. Such findings could inform disease awareness campaigns and highlights the value and 355 
role of sheep veterinarians in the prompt diagnosis, treatment and control of flock lameness.  356 
 357 
Conclusion 358 
FR, ID, CODD and TG were consistently diagnosed by observers (maximum error rate 359 
3.3%) while WL, the lesion most commonly recorded in this study, was missed or 360 
misdiagnosed by some observers (maximum error rate 33.3%). The consequences for 361 
researchers and veterinary practitioners may be that in spite of training and experience a degree 362 
of measurement error and scoring disagreement can occur when using clinical examinations to 363 
diagnose common foot lesions in sheep. This may result in under- or over-reporting of 364 
prevalence estimates of some foot lesions during field studies, which needs to be considered 365 
when assessing the treatment, control and prevention of lameness in sheep to ensure that the 366 
optimal plans and advice are targeted at the correct lesion(s). In addition to further training of 367 
assessors, in some cases, diagnoses based on visual inspections of ovine feet may need to be 368 
supplemented by other tools such as molecular diagnostic testing. 369 
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Figure legends 
 487 
 488 
Fig. 1. Frequency of scoring differences between the paired foot examinations of the test 489 
standard observer (TSO) and each study observer (2 - 8) for diagnosis of white line (WL).  490 
 
Fig. 2. Frequency of scoring differences between paired examinations of trained and 491 
inexperienced observers 3, 4 and 7 with the test standard observer (TSO) for white line lesion 492 
(WL) diagnosis.  493 
Data is presented only for observers who conducted foot examinations on ten or more farms to 
permit evaluation of the effect of time on observer reliability. 
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Table 1. Description of the observer population 
Observer  Training Experience Occupation 
1 Trainer Experienced Veterinary surgeon 
2 Trained Inexperienced Veterinary surgeon 
3 Trained Inexperienced Animal science student 
4 Trained Inexperienced Veterinary science student 
5 Untrained Inexperienced Veterinary surgeon 
6 Untrained Experienced Veterinary surgeon 
7 Trained Inexperienced Animal science student 
8 Trained Experienced Veterinary surgeon 
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Table 2. Total number and percentage of sheep (n = 1158) observed with each foot 
lesion by the Test Standard Observer (TSO).  
Diagnosis Total n observed Percentage (%) observed (95% CI) 
White line lesion 569 49.1 (46.3 – 52.0) 
Inter-digital dermatitis (ID) 11 0.9 (0.4 – 1.5) 
Footrot 14 1.0 (0.6 – 1.8) 
Contagious ovine digital dermatitis 16 1.4 (0.7 – 2.1) 
Toe granuloma 16 1.4 (0.7 – 2.1) 
Interdigital hyperplasia 5 0.4 (0.1 – 0.8) 
No diagnosis  3 0.3 (0 – 0.6) 
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Table 3. Inter-observer agreement (Fleiss’s kappa, 95% confidence interval), and paired 
agreement between the test standard observer and observers 2 – 8 (Cohen’s kappa, 95% 
confidence interval) for diagnoses of specific ovine foot lesions 
Diagnosis 
Fleiss κ  
(95% CI) 
Cohen’s  κ (95 % CI) by observer  
2 3 4 5 6 7 8 
WL 
0.47 
(0.46 - 0.47) 
0.63 
(0.35 - 0.90) 
0.42 
(0.36 - 0.48) 
0.46 
(0.40 - 0.52) 
0.28 
(0.04 - 0.52) 
0.34 
(0.02 - 0.67) 
0.53 
(0.43 - 0.64) 
0.70 
(0.52 - 0.88) 
ID 
0.49 
(0.35 - 0.63) 
a 
0.25 
(0.02 - 0.49) 
0.73 
(0.51 - 0.96) 
0.78 
(0.49 - 1) 
a 
0.67 
(0.05 - 1) 
a 
FR 
0.49 
(0.37 - 0.65) 
a 0.58 
(0.34 - 0.82) 
0.55 
(0.27 - 0.83) 
a a 0.40 
(-0.15 - 0.94) 
a 
CODD 
0.72 
(0.71 - 0.77) 
1 
(0.99 - 1) 
0.55 
(0.27 - 0.83) 
0.75 
(0.51 - 0.99) 
1 
(0.99 - 1) 
a 
0.68 
(0.47 - 0.89) 
1 
(0.99 - 1) 
TG 
0.65 
(0.46 – 0.86) 
a 
0.71 
(0.44 - 0.98) 
0.57 
(0.26 - 0.88) 
0.65 
(0.20 - 1) 
a 0.56 
(0.25 - 0.88) 
1 
(0.99 - 1) 
 a
 Insufficient observations of foot condition for kappa analysis 
WL, white line lesion; ID, inter-digital dermatitis; FR, footrot; CODD, contagious ovine digital 
dermatitis; TG, toe granuloma 
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Table 4. Observer error rate expressed as the percentage (%) of scoring differences between the 
paired examinations with the test standard observer (TSO) and the total number (n) of lesions 
diagnosed by the TSO for each of the observer paired examinations 
 
Observer 
2 3 4 5 6 7 8 
Total n sheep examined  86 907 771 60 30 270 60 
 
 
 
WL 
percentage 
error 
6.9 28.8 27.4 31.7 33.3 21.9 15.0 
n by TSO 9 391 372 37 12 175 9 
ID 
percentage 
error 
1.2 1.9 0.7 3.3 0 0.4 0 
n by TSO 1 7 9 4 0 1 0 
FR 
percentage 
error 
1.2 1.1 1.0 1.7 3.3 1.1 0 
n by TSO 1 11 10 0 0 3 0 
CODD 
 
percentage 
error 
0 0.9 0.5 0 0 2.9 0 
n by TSO 0 7 6 1 0 9 3 
TG 
percentage 
error 
1.1 0.3 0.4 0 0 0 0 
n by TSO 2 3 5 1 0 2 1 
WL, white line lesion; ID, inter-digital dermatitis; FR, footrot; CODD, contagious ovine digital 
dermatitis; TG, toe granuloma. 
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